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INTRODUCTION {#pros23244-sec-0005}
============

Lymphangiogenesis is associated with tumor progression and worse prognosis in many types of solid tumors, since it is a critical step for cancer cell dissemination into lymph nodes and distant organs [1](#pros23244-bib-0001){ref-type="ref"}, [2](#pros23244-bib-0002){ref-type="ref"}. However, several studies have reported that lymphangiogenesis is not required for lymph node metastasis in prostate cancer [3](#pros23244-bib-0003){ref-type="ref"}, [4](#pros23244-bib-0004){ref-type="ref"}. As such, the pathological and prognostic significance of this process in prostate cancer is unclear. In addition, mechanisms underlying lymphangiogenesis in human prostate cancer tissue are not well understood.

Vascular endothelial growth factors (VEGFs) strongly induce angiogenesis under many pathological conditions, including in prostate cancer [5](#pros23244-bib-0005){ref-type="ref"}. VEGFs are known to stimulate lymphangiogenesis in various malignancies, with VEGF‐C [6](#pros23244-bib-0006){ref-type="ref"}, VEGF‐D [7](#pros23244-bib-0007){ref-type="ref"}, [8](#pros23244-bib-0008){ref-type="ref"}, and VEGF‐A being the most widely studied; the expression of the latter is positively associated with metastasis [9](#pros23244-bib-0009){ref-type="ref"}, [10](#pros23244-bib-0010){ref-type="ref"}. Indeed, VEGF‐A, ‐C, and ‐D are associated with increased tumor aggressiveness in prostate cancer patients [11](#pros23244-bib-0011){ref-type="ref"}, [12](#pros23244-bib-0012){ref-type="ref"}. However, although several studies paid attention to the relationship between VEGF‐B and lymphangiogenesis in cancer [13](#pros23244-bib-0013){ref-type="ref"}, [14](#pros23244-bib-0014){ref-type="ref"}, there is little information in prostate cancer.

Androgen deprivation therapy (ADT) is a therapeutic strategy for treating patients with prostate cancer. Neo‐adjuvant hormonal therapy (NHT) by androgen deprivation is often used to improve the outcome of patients treated by radical prostatectomy (RP). However, there is no general agreement about its anti‐cancer effects or its clinical effectiveness. In addition, changes in lymphangiogenesis and its regulators by ADT in prostate cancer is not fully understood. Therefore, the main aim of this study is to clarify changes in lymph‐angiogenic status upon androgen deprivation in prostate cancer tissue by analyzing VEGF expression in vitro and in vivo. We also assessed the value of lymph angiogenesis‐related parameters for predicting the outcome of prostate cancer patients treated by radical prostatectomy after NHT.

METHODS {#pros23244-sec-0006}
=======

Patients {#pros23244-sec-0007}
--------

Prostate cancer specimens (n = 124) obtained by RP at our hospital were examined. Of these, 60 were from patients that had received NHT and 64 were from those that did not (NHT and non‐NHT groups, respectively). Exclusion criteria were short duration of NHT (\<3 months); clinical or pathological invasion into the seminal vesicle or surrounding tissues or presence of metastasis; Gleason score (GS) of 10; or serum prostate antigen (PSA) levels \>90 ng/ml. Clinicopathological features of NHT and non‐NHT groups were matched according to patient age, PSA level, GS, and pT stage. Clinicopathological features of both groups are shown in Table [I](#pros23244-tbl-0001){ref-type="table-wrap"}.

###### 

Clinicopathological Features

                                       Non‐NHT    NHT         *P*‐value
  ------------------------------------ ---------- ----------- -----------
  Number of patients                   64         60          
  At diagnosis                                                
  Age, years; mean/SD                  63.3/5.5   64.8/4.4    0.101
  Serum PSA levels, ng/ml; mean/SD     12.5/9.6   16.7/16.6   0.082
  Gleason score; N/%                                          0.133
  Low (≤6)                             23/35.9    14/23.3     
  Middle (7)                           23/35.9    32/53.3     
  High (≥8)                            18/28.1    14/23.3     
  Clinical T stage; N/%                                       0.082
  T1                                   20/31.3    10/16.7     
  T2                                   37/57.8    37/61.7     
  T3                                   7/10.9     13/21.7     
  In radical prostatectomy specimens                          
  Pathological T stage; N/%                                   0.934
  T2                                   39/60.9    37/61.7     
  T3                                   25/39.1    23/38.3     

NHT, neoadjuvant hormonal therapy; PSA, prostate‐specific antigen.
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Pathological features were evaluated according to the 2002 tumor‐node‐metastasis staging system and GS. NHT consisted of anti‐androgen agent (n = 1, 1.7%), luteinizing hormone‐releasing hormone (LH‐RH) agonists (n = 28, 47.7%), or combination of the two (n = 31, 51.7%). The median/mean duration of NHT was 8/9.1 months (interquartile range: 5--11 months). Biochemical recurrence (BCR) was defined as serum PSA levels \>0.2 ng/ml, as measured on two or more occasions. The study protocol was approved by the Human Ethics Review Committee of Nagasaki University Hospital, and written, informed consent form was obtained from each subject.

Immunohistochemistry {#pros23244-sec-0008}
--------------------

Prostate tissue sections (5 μm in thickness) were deparaffinized and rehydrated, and antigen retrieval was performed at 95°C for 40 min in 0.01 M sodium citrate buffer (pH 6.0). Sections were then immersed in 3% hydrogen peroxide for 30 min to block endogenous peroxidase activity. Antibodies against the following proteins were used: D2‐40 (DakoCytomation, Glostrup, Denmark); VEGF‐A and ‐B (Santa Cruz Biotechnology, Santa Cruz, CA); VEGF‐C (Zymed Laboratories, San Francisco, CA; and VEGF‐D (R&D Systems, Abingdon, UK). Sections were incubated with the primary antibodies at 4°C overnight, then treated with labeled polymer peroxidase from the EnVision+ Peroxidase kit (Dako, Carpinteria, CA) for 60 min. Immunoreactivity was visualized using a liquid diaminobenzidine substrate kit (Zymed Laboratories). Sections were counterstained with hematoxylin before mounting. Negative controls consisted of adjacent sections from each sample that were processed without the primary antibody. The positive control for all antibodies was kidney tissue with renal cell carcinoma. The immunohistochemical staining methods have been previously described [13](#pros23244-bib-0013){ref-type="ref"}, [15](#pros23244-bib-0015){ref-type="ref"}.

Evaluation of Immunoreactivity {#pros23244-sec-0009}
------------------------------

VEGF expression was semi‐quantitatively analyzed as previously described [16](#pros23244-bib-0016){ref-type="ref"}. Briefly, specimens were assigned an immunoreactivity score (IRS), which was calculated by multiplying staining intensity (grade 0 = none, 1 = weak, 2 = moderate, and 3 = strong) by the percentage of positively stained cells (0, \<1%; 1, 1--25%; 2, 26--50%; 3, 5175%; or 4, 76--100%). To determine lymph vessel density and area (LVD and LVA, respectively), sections labeled with anti‐D2‐40 antibody were examined. For each tumor section, three to five hot spots in the field of view (i.e., with the greatest density of positively stained vessels) were evaluated. LVD was defined as the number of positively stained vessels per high‐power field. Evaluation and measurements were performed by computer‐aided image analysis (WinROOF version 6.4; Mitani, Fukui, Japan). For statistical analyses, LVD and LVA were divided into two groups: low (median or less) and high (greater than the median).

A total of 46 paired biopsy specimens were obtained from 60 NHT patients at the time of diagnosis and radical operation and were used to compare expression of VEGF‐A to ‐D before and after NHT. Analyses of LVD and LVA were not carried out because they could not be accurately determined in biopsy specimens.

Cell Culture and Androgen Depletion {#pros23244-sec-0010}
-----------------------------------

The LNCaP androgen‐dependent human prostate cancer cell line was purchased from the American Type Culture Collection (Manassas, VA). Cells were cultured in Roswell Park Memorial Institute 1640 medium (Gibco/Life Technologies, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS) and 50 μg/ml gentamicin (Gibco/Life Technologies) at 37°C in a humidified atmosphere of 5% CO~2~ and 95% air. To prepare androgen‐depleted FBS by charcoal stripping, 100 ml FBS were incubated with 1,000 mg of activated charcoal for 3 hr with constant stripping, followed by filtration [17](#pros23244-bib-0017){ref-type="ref"}.

Western Blot Analysis {#pros23244-sec-0011}
---------------------

Western blotting was carried out as previously described [18](#pros23244-bib-0018){ref-type="ref"}. Aliquots of total cellular lysate (40--50 µg/lane) were resolved by sodium dodecyl sulfate--polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane, which was blocked with 5% nonfat milk in Tris‐buffered saline containing 0.1% Tween 20 (TBS‐T) for 1 hr at room temperature and then incubated with primary antibody overnight at 4°C. After washing three times with TBS‐T, the membrane was incubated with the appropriate secondary antibody for 1 hr at room temperature. Protein bands were detected with the ECL Prime kit (GE Healthcare, Little Chalfont, UK).

Statistical Analysis {#pros23244-sec-0012}
--------------------

Results are expressed as mean ± SD. The Student\'s *t*‐test was applied to continuous variables and the Mann--Whitney *U*‐test was used for other data. Pearson\'s correlation and the correlation coefficient (r) were used to evaluate the relationship between continuous variables, and the corresponding p values are reported. The Kaplan--Meier survival curve and log‐rank test along with multivariate analysis using the Cox proportional hazards model were used to assess patient survival. All statistical analyses were performed using the StatView v.5.0 for Windows software (Abacus Concepts, San Francisco, CA).

RESULTS {#pros23244-sec-0013}
=======

D2‐40‐Positive Lymph Vessels and VEGF Expression {#pros23244-sec-0014}
------------------------------------------------

Nearly all D2‐40‐positive vessels were relapsed in the non‐NHT group and the intra‐luminal space was narrow (Fig. [1](#pros23244-fig-0001){ref-type="fig"}A). In particular, there were few lymph vessels with a lumen in the intra‐tumoral area. In contrast, D2‐40‐positive lymph vessels in the NHT group had a wider inner cavity (Fig. [1](#pros23244-fig-0001){ref-type="fig"}B and C) and contained some cells (Fig. [1](#pros23244-fig-0001){ref-type="fig"}D). It was not possible to determine the intra‐tumoral area in some samples from the NHT group; we, therefore, evaluated LVD and LVA in the peri‐tumoral area. VEGF immunoreactivity was mostly detected in the cytoplasm of cancer cells. There were no differences in the expression patterns of the four VEGFs; however, the staining intensity and percentage of positively stained cells was higher for VEGF‐A and ‐C than for VEGF‐B and ‐D.

![Representative micrographs of D2‐40‐positive lymph vessels in prostate cancer tissue samples with/without NHT. Most lymph vessels were relapsed and the intra‐luminal space was narrow in non‐NHT specimens (**A**: magnification ×200). Lymph vessels had a relatively wide inner cavity in NHT specimens (**B**: magnification ×200, **C**: ×400). Some cells were detected within D2‐40‐positive lymph vessels in some NHT specimens (**D**: magnification ×400).](PROS-77-255-g001){#pros23244-fig-0001}

Lymphangiogenesis‐Related Parameters and VEGF Expression {#pros23244-sec-0015}
--------------------------------------------------------

LVD was higher (Fig. [2](#pros23244-fig-0002){ref-type="fig"}A) and LVA was greater (Fig. [2](#pros23244-fig-0002){ref-type="fig"}B) in the NHT group than in the non‐NHT group (*P* \< 0.001 for both). The mean IRS score ± SD of VEGF‐A was lower in the NHT than in the non‐NHT group (*P* \< 0.001) (Fig. [2](#pros23244-fig-0002){ref-type="fig"}C). A similar trend was observed for VEGF‐B, although the difference did not reach statistical significance (*P* = 0.253; Fig. [2](#pros23244-fig-0002){ref-type="fig"}D). In contrast to VEGF‐A, the IRS of VEGF‐C and ‐D was higher in the NHT than in the non‐NHT group (*P* \< 0.001 for both; Fig. [2](#pros23244-fig-0002){ref-type="fig"}E and F).

![(**A**) LVD was higher and (**B**) LVA is greater in the NHT than in the non‐NHT group. (C and D) The IRS for VEGF‐A (**C**) and VEGF‐B (**D**) was lower in the NHT than in the non‐NHT group, although the difference was statistically significant only for VEGF‐A. (E and F) The IRS of VEGF‐C (**E**) and VEGF‐D (**F**) was higher in the NHT than in the non‐NHT group.](PROS-77-255-g002){#pros23244-fig-0002}

A comparative analysis with the paired Student\'s *t*‐test of VEGF expression in biopsy specimens obtained at the time of diagnosis and RP specimens obtained after NHT from the same patient yielded similar findings. Briefly, the IRS of VEGF‐A and ‐B was lower in RP specimen treated with NHT than in biopsy specimens at diagnosis (VEGF‐A: 2.4 ± 0.8 vs. 2.8 ± 1.3, *P* \< 0.001 and VEGF‐B: 0.92 ± 0.55 vs. 0.96 ± 0.67, *P* = 0.030). In contrast, the IRS of VEGF‐C and ‐D was higher in RP than in biopsy specimens (2.9 ± 1.5 and 1.8 ± 0.7, respectively, vs. 1.9 ± 0.8 and 0.7 ± 0.6, respectively) (*P* \< 0.001).

LVD was positively correlated with expression of VEGF‐A (r = 0.49, *P* \< 0.001) and VEGF‐C (r = 0.47, *P* \< 0.001) in the non‐NHT group. LVD was weakly but significantly correlated with VEGF‐D (r = 0.27, *P* = 0.034) but not with VEGF‐B (r = 0.01, *P* = 0.953) expression. On the other hand, LVA was correlated with expression of VEGF‐A (r = 0.25, *P* = 0.044) and VEGF‐C (r = 0.52, *P* \< 0.001) but not of VEGF‐B (r = 0.07, *P* = 0.580) or VEGF‐D (r = 0.14, *P* = 0.273).

In vitro study showed that VEGF‐A expression in androgen‐dependent LNCaP human prostate cancer cells cultured in medium lacking androgen was lower compared to those cultured in standard medium (Fig. [3](#pros23244-fig-0003){ref-type="fig"}). Similar trend was also found in VEGF‐B expression whereas VEGF‐C and ‐D expression was increased by androgen deprivation (Fig. [3](#pros23244-fig-0003){ref-type="fig"}).

![Expressions of VEGF‐A and ‐B were reduced by androgen depletion, as determined by western blotting. In contrast, expressions of VEGF‐C and VEGF‐D were increased in cancer cells cultured in androgen‐deficient as compared to standard medium.](PROS-77-255-g003){#pros23244-fig-0003}

Predictive Value for Biochemical Recurrence {#pros23244-sec-0016}
-------------------------------------------

Kaplan--Meier curves for BCR in the NHT group revealed that high values for LVD (Fig. [4](#pros23244-fig-0004){ref-type="fig"}A) and LVA (Fig. [4](#pros23244-fig-0004){ref-type="fig"}B) were associated with shorter time to BCR (*P* = 0.037 and 0.004, respectively; log‐rank test). The multivariate analysis of pathological features (pT stage and GS) showed that high LVA was an independent predictor of BCR (hazard ratio \[HR\] = 3.33, 95% confidence interval (CI): 1.24--8.97, *P* = 0.017), whereas LVD was not (HR = 2.37, 95%CI: 0.87--6.47, *P* = 0.092).

![Kaplan--Meier curves of BCR in patients treated with NHT. (**A**) Higher LVD was associated with shorter time to BCR (*P* = 0.037, log‐rank test). (**B**) Larger LVA predicted BCR (*P* = 0.004, log‐rank test).](PROS-77-255-g004){#pros23244-fig-0004}

DISCUSSION {#pros23244-sec-0017}
==========

Our study demonstrated that LVA was closely associated with prognosis in prostate cancer patients in NHT group. This result is supported by previous report that LVA has also been linked to malignant potential and patient prognosis in prostate cancer [19](#pros23244-bib-0019){ref-type="ref"}. Accordingly, we observed that D2‐40‐positive lymph vessels in the non‐NHT group were small and collapsed and that the lumen of vessels in the intra‐tumoral area were almost non‐existent. Several previous studies have reported similar findings in prostate cancer tissue [11](#pros23244-bib-0011){ref-type="ref"}, [19](#pros23244-bib-0019){ref-type="ref"}, [20](#pros23244-bib-0020){ref-type="ref"}. Pressure from interstitial fluid and mechanical compression in the intra‐tumoral area have been proposed to explain these observations [3](#pros23244-bib-0003){ref-type="ref"}, [20](#pros23244-bib-0020){ref-type="ref"}. It is speculated that collapsed and occluded lymph vessels contribute little to the pathology of prostate cancer given the narrow space of the lumen [3](#pros23244-bib-0003){ref-type="ref"}. On the other hand, our results showed that LVA was higher in the NHT than in the non‐NHT group; this may be explained by the decrease in pressure and mechanical compression within and around the tumor mass by ADT. Thus, the anti‐cancer effects of ADT create a favorable microenvironment for lymphatic vessel expansion. Indeed, our multivariate analysis showed that LVA in the NHT group was an independent predictor for BCR.

VEGF‐C and ‐D are recognized as the most important regulators of lymph‐angiogenesis in various types of malignancies including prostate cancer [4](#pros23244-bib-0004){ref-type="ref"}, [21](#pros23244-bib-0021){ref-type="ref"}. We therefore hypothesized that VEGF‐C and ‐D expression would decrease upon NHT. Unexpectedly, the levels of both factors were higher in the NHT than in the non‐NHT group. In addition, our in vitro studies demonstrated that VEGF‐C and ‐D expression were upregulated by androgen deprivation. This study is the first to report a change in VEGF‐D expression by androgen deprivation in human prostate cancer, although it was previously shown that serum VEGF‐D level was increased by ADT [22](#pros23244-bib-0022){ref-type="ref"} as well as by castration in an animal model [23](#pros23244-bib-0023){ref-type="ref"}. Our result that VEGF‐C expression was increased by NHT in human prostate cancer tissue was confirmed in an androgen‐dependent prostate cancer cell line, in accordance with a previous report that VEGF‐C is upregulated by androgen depletion in LNCaP cells [24](#pros23244-bib-0024){ref-type="ref"}, [25](#pros23244-bib-0025){ref-type="ref"}. However, in human prostate cancer tissue, VEGF‐C expression was found to be lower in RP as compared to biopsy specimens [26](#pros23244-bib-0026){ref-type="ref"}. We speculate that the discrepancy between these results and ours is due to differences in methodology, including the antibody used and incubation time as well as the analytical method that was applied. In addition, the duration of NHT differed between the two studies; the mean duration of NHT was approximately 3 months in the earlier study, since mean interval between diagnosis and prostatectomy was reportedly 119 days [26](#pros23244-bib-0026){ref-type="ref"}. In contrast, the mean duration in our study population was 9.1 months. This may have influenced VEGF‐C expression level in human prostate cancer tissue.

Another interesting finding of this study is that androgen deprivation decreased VEGF‐B expression in a prostate cancer cell line and human tissue. A similar finding was reported in an animal model [23](#pros23244-bib-0023){ref-type="ref"}. These results suggest that VEGF‐B expression is decreased by ADT in prostate cancer. However, our results also showed that VEGF‐B was unaffected by lymphangiogenesis in human prostate cancer tissue, implying that it plays a negligible role in lymphangiogenesis in prostate cancer.

VEGF‐A immunoreactivity was reportedly decreased by androgen deprivation in 20 prostate cancer patients [27](#pros23244-bib-0027){ref-type="ref"}. This is in agreement with the results of the present study in a larger population. Another study reported that serum VEGF‐A level was reduced by ADT in prostate cancer patients [22](#pros23244-bib-0022){ref-type="ref"}, and VEGF‐A expression in androgen‐responsive prostate cancer cells was suppressed by castration in an animal model [23](#pros23244-bib-0023){ref-type="ref"}, [28](#pros23244-bib-0028){ref-type="ref"}. These observations indicate that ADT inhibits VEGF‐A expression in prostate cancer. Our in vitro study supports these findings. On the other hand, we also found that VEGF‐A expression was positively associated with lymphangiogenesis in prostate cancer patients. Given that NHT suppressed lymphangiogenesis, we speculate that the decrease in VEGF‐A expression may be insufficient to counter the pro‐lymphangiogenic activity of VEGF‐C and ‐D.

CONCLUSIONS {#pros23244-sec-0018}
===========

We showed that lymphangiogenesis as well as VEGF‐C and ‐D expression in prostate cancer was stimulated by NHT whereas expressions of VEGF‐A and ‐B were suppressed by NHT. We also found that LVA was associated with VEGF‐A and ‐C, and it was identified as an independent predictor of BCR after RP in patients who had undergone NHT. Based on these findings, we conclude that NHT‐induced upregulation of VEGF‐C expression affects prostate cancer patient outcome after RP by increasing LVA.
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